INTRODUCTION
In many power electronic inverter applications such as active filters require an output current which can be designed to have a specified output frequency spectrum, If the system is three-phase, the rotating reference frame produced by the d q coordinate transformation offers a useful solution because the d-q "formation converts a fundamental reference frequency signal into a DC signal [I] .
A conventional PI (proportional and integral compensator) can be applied to the variables in the rotating reference frame so as to achieve a zero steady state error in response to step commands. Then variables in the rotating reference frame must be restored in the stationary three-phase reference frame using the inverse d q transformation. Typical examples are seen in a current control system in AC drives [2] .
However if the system is single-phase, the d q coordinate
transformation cannot be applied. Also if a disturbance in a three-phase system is DC, steady state errors always remain even if the d q coordinate transformation and the PI compensator are used.
To solve the above problems this paper proposes a new stationary reference frame control method that is based on the internal model principle [3] in control theory. The method introduces a sine transfer hnction 141, [5] with a specified resonant frequency into the current compensator. Thus, the gain of the open-loop transfer function of the control system goes to infinity at the resonant frequency, which ensures that the steady-state errors in response to step changes in a reference signal at that frequency reduces to zero.
Furthermore, the proposed method removes the effects of a DC and AC disturbance with the resonant frequency. Also the method is applicable to three-phase systems. In this case, the d q and inverse d q coordinate transformation, which is required when variables in a three-phase system are treated in the rotating reference frame, are not necessary.
II. INTERNALMODEL

A. Internal Model Principle
The internal model principle implies that in a feedback system, the output of a control object follows its reference input without a steady-state error if the system satisfies the following two conditions 131: 1) the closed system is asymptotically stable, and
2) the open loop transfer function of the system includes a mathematical model which can generate the required reference input. Let us take a sinusoidal reference signal as an example and prove that the steady-state error will be zero, if the internal model principle is satislied. Consider a simple feedback system, where the " f e r functions of the compensator and the control object are G,(s) and G,(s), respectively. Let R(s), E(s) and Y(s) denote the reference, error and output signal, respectively. Then the open loop transfer h c t i o n Go(s) will be given by Since, from condition 2), the denominator of Go(s) can be expressed as it follows that Do@) = (sz +w;)D,'(s) (6) or b, =b, =o. In the similar manner it can be easily proved that the effects of an AC disturbance at the frequency q, can be eliminated. Fig. 2 , Current control system using PIS compensator.
B. Sinusoidal Internal Model
Consider the control system in which the reference input signal is sinusoidal. Based on the internal model principle, the compensator with a sinusoidal transfer function is required-There are two alternatives for the sine transfer function. One is the Laplace transform of a cosine function with a frequency q,, G&), and the other is that of a sine function, G&). They are given by
The Bode diagrams of G&) and G&) are compared in is used for the sinusoidal intemal model. One can observe that the system is highly underdamped and the error reduces toward zero very slowly. This is because the phase margin is insufficient. Therefore, it is important to note that the cosine function, Gsl(s), should be chosen for the sinusoidal internal model.
In this paper, G&) in (8) is called the sine transfer function. The gain of the sine ttansfer function is theoretically infinite at the resonant angular freciuency; namely, the gain of the loop transfer function goes to infinity at o = q. Fig. 4 shows the block diagram of the sinusoidal internal model Gs,(s), where the input and output are U andy, respectively; and the gain is Ks 
where q, denotes the resonant frequency of the sine transfer function and should coincide with the fresuency of a sinusoidal reference input signal. It is noted that the second term of (9) constructs an internal model for a DC reference input. Thus, (9) satisfies the second condition of the internal model principle for a DC and a sinusoidai reference signal with the frequency a,. The Bode diagram of Go@) is shown in Fig. 6 . The gains and parameters are given in the following Section 111-B. It is observed that the gain exhibits almost an infinite value at the resonant frequency @(=2nfo), The frequency band around cq, has a high gain. Then the steady-state error differs only slightly from zero if a small difference between the reference and resonant frequency exists.
B. Experimental Results
Experiment of current control using a single-phase PWM inverter was canied out in order to c o n f i i the basic performance of the sinusoidal internal model. Fig. 5 Waveforms at steady-state when the PI and PIS compensator was used are compared in Fig. 7 (a) and (b) , respectively. Fig. 7 (a) shows that a steady-state error exists when the PI compensator is used, But Fig. 7 (b) shows no steady-state error exists when the PIS compensator is used.
Responses to a step load change are shown in Fig. 8 (a) with PI compensator, (b) with PIS compensator. The sum of i, and i,, constitutes the reference signal for the PIS c0mpe:nsator.
A. Control System Design
V&*.
i< as closely as possible. Fig. 10 (a) shows waveforms of the load current iL, the source current is, and the compensation current ic of AF when only the PI compensator was used. Also it shows the frequency spectrum of the lowerader harmonic components of is One can observe that the compensation was not good enough and the total harmonic distortion (THD) value of is was 7.13%, while the THD value of iL was Fig. 10 (b) shows waveforms of the load current iL, the source current is. and the compensation current ic when the PIS compensator was used. Also it shows the spectrum of the lower-order harmonic components of is One can observe that the lower-order harmonic components in iL were wellsuppressed and they almost disappeared in the is waveform. THD value of is was drastically reduced to as low as 1.74%.
It is clear that the application of the sinusoidal internal model to an AF control system is very useful.
27.0%.
V CONCLUSION
This paper proposes a novel current control method suitable for tracking an ar6itrary number of harmonic; a DC component or a fundamental frequency component signal. The idea is based on the internal model principle firom control theory. The method requires the compensator transfer function for a sine wave that can result in zero steady state current tracking error for sine wave setpoints.
Several applications of the proposed method have been presented and verified by simulation and experimental results using a single phase P W M inverter and active filter.
It is confirmed using a PWM inverter that the steady state error for a sinusoidal current reference has been zero. A set of sine transfer functions that results in almost the perfect tracking of harmonic components has been verified using an active filter application.
It is obvious that the proposed method is applicable to three-phase systems, too. An optimal gain design for the PIS compensator is one of the future research projects.
